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data. pCO2 can be estimated from pH measurements in combination with
TCO2 measurements, requiring an accuracy of 0.001 pH unit to match a
pCO2 precision of about 1 jiatm. Sensors for pCO2 and pH would be useful
for long-term (>1 month) deployments to provide data about temporal vari-
ability. Stability would be of prime importance, but sampling could be less
frequent (one per hour) than for profiling sensors, requiring a slower re-
sponse time. If both the CO2 difference across the air-sea interface and the
gas transfer rate (which may be inferred from wind speed) were measured
simultaneously, the net CO2 flux across the sea surface could be deter-
mined. To determine a valid parameterization of the air-sea gas transfer
constant, the actual rate of gas transfer should be measured simultaneously
with relevant parameters, such as ApCO2, wind speed, temperature differ-
ence between water and air, sea surface roughness, and possibly other fac-
tors. Measurements of TCO2 require a precision and accuracy of better than
1 tnicromole per kilogram per year to be useful in detecting, within a few
years, the signal of anthropogenic carbon input to the ocean from combus-
tion of fossil fuels.

In seawater, the cationic charges of strong electrolyte species (such as
Na+, Mg2+, and Ca2+) always exceed the anionic charges (such as Cl~ and
SO42~). The total ionic balance in seawater is maintained by the anions
[OH", HCO3~, CO32~, and B(OH)4~] generated by dissociation of weak ac-
ids. Alkalinity is a measure of the ionic charge imbalance of the strong
electrolyte species, and hence is independent of temperature and pressure.
It is changed by dilution and biological processes such as dissolution or
precipitation of calcium carbonate and by utilization or respiration of NO^~.
Its value ranges from 2200 to 2350 micromoles per kilogram in the surface
ocean and ranges from 2400 to 2450 micromoles per kilogram in the deep
ocean. Because the pCO2 in surface waters and hence the air-sea partition
of CO2 is sensitive to alkalinity changes, it is one of the important quanti-
ties that needs to be monitored in global seawater.

The stable carbon isotopes, 12C and 13C, are fractionated in various
natural processes. 813C is a measure of the per mil deviation of the 13C/12C
ratio from that of a Pee Dee Belemnite (PDB) limestone standard. The
photosynthetic pathways (C-3 and C-4) fix the lighter carbon isotope (12C)
preferentially, so that 513C values of plant samples are 6 to 23%o less than
those of the original CO2 pools'. 12CO2 preferentially passes across the air-
sea interface into the atmosphere, so that TCO2 in the surface ocean has
813C values about +1 to 2%o. Because of the release into the atmosphere of
fossil fuel CO2 (ancient plant material) with a 813C of about -27%o, 813C
values for atmospheric CO2 decreased from -7.5%o in 1978 to -7.8%o in
1988. Likewise, average 513C values for CO2 dissolved in surface ocean
waters decreased from about +2%o to +1.6%o during the past 20 years. This
information has been used to put limits on global CO2 budget calculations